This study aimed to evaluate and compare the optical properties of supra-nano spherical filled resin composites and the nanofilled, nano-hybrid and microhybrid composites using the Kubelka-Munk Theory. Diffuse reflectance of samples (Shade A2) was measured against white and black backgrounds, using a spectroradiometer, using a viewing booth with D65 illuminant and d/0º geometry. S and K coefficients and T were calculated using Kubelka-Munk's equations. The spectral behavior of S, K and T was similar for all dental resin composites analyzed (VAF close to 100%), even though they were, generally, statistically different (p≤0.05). The K-M T values overestimate the real value of Transmittance of the resin composites. Supra-nano spherical filled resin composites show the highest scattering and Transmittance when compared with the others materials, probably due to the shape and size of the filler. Such difference should be taken into consideration in a clinical situation to reproduce natural esthetic restorations.
INTRODUCTION
Available dental resin composites, used as a restorative material, mainly vary on the resin matrix, particle size and shape, and there are many options from which to choose 1, 2) . Traditionally some have been designed for bearing higher stress areas and others were improved for esthetics 2) . It has been reported that mechanical [3] [4] [5] and optical properties 5, 6) depend highly on the concentration and particle size of the inorganic filler 2) . Within each type of composite, the materials are specially distinguished by the characteristics of their reinforcing fillers and in particular their filler size. The most recent innovation in the dental composite field has been the development of the nanofilled resin composites, which contain exclusively nanoscale particles (1-100 nm size range) 1) . Also, the formulations of microhybrid universal composites (whit filler size typically averaging about 0.4-1.0 µm) have been modified to include more nanoparticles, and possibly pre-polymerized resin fillers, similar to those found in the microfill composites, naming this new group of dental resin composites nanohybrids 1) . Two resin composites with 100% supra-nano spherical filler (EsteliteΣ Quick, Estelite Omega, Tokuyama Dental, Tokyo, Japan) were developed based on the sol-gel method that both controls the diameter of fillers and changes the refractive index of the fillers 7) . Data from the manufacturer show that the spherical filler maintain high-gloss retention and provide life-like opalescence by diffusing and refracting light. This allows for superior blending of the margins without generating any noticeable demarcations, creating very naturallooking restorations. Also, the manufactures show that this resin composite allows clinicians to control hue, chroma and value to achieve a natural effect. To the best of our knowledge, no information is available on optical properties of these dental resin composites and neither are available comparisons of their optical properties with other dental resin composites.
Kubelka-Munk (K-M) reflectance theory is a mathematical model describing the reflectance resulting from two-flux radiation transfer in a homogenous and uniform medium placed over an opaque backing 8) . The main advantage of this theory is that its absorption and scattering coefficients (K and S, respectively) can be easily expressed as a function of the reflectance and transmittance of the sample.
Despite its limitation, there are numerous studies in the literature which calculated the optical properties of dental tissues and materials through reflectance measurements based on the K-M reflectance theory [9] [10] [11] . Recently, Mikhail et al. 12) showed that corrected K-M reflectance theory may be used to accurately quantify the optical K-M absorption and scattering coefficients for contemporary dental resin composite material.
The main objective of this study was to use the Kubelka-Munk theory to evaluate the scattering, absorption and transmittance of spherically filled supranano resin composites compared to nanofilled, nanohybrid and microhybrid composites. The null hypothesis tested was that the optical properties of supra-nano 
MATERIALS AND METHODS

Samples
The properties, type, and shades of resin composites are shown in Table 1 . Standardized specimens (10 mm in diameter and 1 mm in thickness) were made with all composite shades. Each resin composite was packed into an adaptable micrometer metal mold (Smile Line, St-Imier, Switzerland) and pressed with a mylar strip and a slide cover on the top of the specimens. All samples underwent photo-polymerization through the glass at 1,100 mW/ cm 2 for 40 s, and on the other side after removing each specimen, with a LED curing light Bluephase ® (IvoclarVivadent, Schaan, Liechtenstein). The thickness of each specimen was measured with a digital caliper (Digimatic caliper, Mitutoyo, Tokyo, Japan). Accepted thickness values were 1.00±0.01mm. Three disks were prepared for each shade of resin composite.
Reflectance measurements
The relative spectral radiance (W/sr/m 2 ) of dental composites samples were measured against white (L*=94.2, a*=1.3 and b*=1.7) and black (L*=3.1, a*=0.7 and b*=2.4) 50×50 mm ceramic tile backgrounds (Ceram, Staffordshire, UK), using a spectroradiometer (SpectraScan PR-704, Photo Research, Chatsworth, CA, USA) with 4% measurement accuracy. A saturated sucrose solution (refractive index n=1.5 approximately) was used as contact between the samples and the background 12) . Specimens were measured inside of a colorassessment cabinet (CAC 60, Verivide Limited, Leicester, UK) under constant illumination (light source simulating the spectral relative irradiance of the D65 CIE standard illuminant). Illuminating/measuring configuration corresponded to CIE d/0°1
3) . Short-term repeated measurements without replacement were performed and each specimen was measured three times. Similar to other studies 10, 14) a triangular stand was built to support the specimens and avoid specular reflection from the glossy surface. Since the field of measurement of the spectroradiometer was 1°, it was placed at 35 cm, a distance which allowed the measurement of the whole specimen. Finally, the relative spectral radiance measured for all specimens at each wavelength, in 2 nm steps, was converted into absolute reflectance, based on measurements of a white reflectance standard (OPTST3-C, Optopolymer, Germany)
Kubelka-Munk coefficients
The Kubelka-Munk scattering coefficient (S ) and absorption coefficient (K ) were calculated algebraically from the spectral reflectance data of each sample using the Kubelka-Munk equations as described below.
Secondary optical constants (a and b) were calculated from the experimentally obtained spectral reflectance values for the black and white background, using the following equations:
where Rg is the reflectance of the white background, R0 is the reflectance of the specimen over the black background, and R is the reflectance of the specimen over the white background. The scattering coefficient (S) for a unit of thickness of a specific material is defined by the following equation:
where X is the thickness of the specimen, and arctgh is an inverse hyperbolic cotangent. In practical formulas, S always occurs together with the thickness X of the specimen, that is, as the product SX, known as ''scattering power'' of the specimen. The absorption coefficient (K ) and the transmittance (T ) are then calculated as 8) :
Finally, the ratio K/S, proportional to the ratio of the scattering and absorption coefficients µ a and µ's, was also calculated.
Direct transmittance (T%)
For measuring the direct transmittance of light, in percentage (T%), an ultraviolet-visible (UV/vis) spectrophotometer (Lamba 20, Perkin Elmer, Orwalk, CT, USA) was used. The calibration parameters of the spectrophotometer in scan mode included: slit of 0.5 nm, scan speed of 240 nm/min, 10 nm smooth. Measurements were made on the wavelength range of 400-700 nm with data interval of 5 nm 15) .
Statistical analysis
To study the variations in scattering, absorption, and transmittance, two statistical tests were used: the Kruskal-Wallis one-way analysis of variance by ranks, which is a non-parametric method for testing average equality of measures among groups, and the MannWhitney U test. This latter test is a non-parametric test that enables the pairwise comparison of two distributions. Also, to determine the level of similarity of two different distributions, the VAF (variance accounting for) coefficient with Cauchy-Schwarz inequality was used as follows 10, 15) :
Where a k is the value of the absorption, scattering or transmittance at each wavelength for one measurement and b k is the equivalent for another measurement. The closer this coefficient gets to unity (100%), the more similar the curves are.
RESULTS
Scattering coefficient
The spectral distributions of the K-M scattering coefficient (S) for selected shades of each type of resin composites are show in Fig. 1 . All shades were not included because they showed overlapped values, especially for long wavelengths. The spectral pattern of S distribution showed a maximum value at approximately to 450 nm and decreased slightly with increasing wavelength.
Although the results showed similar spectral behavior of S for all the dental resin composites studied (94.70≤VAF≤99.99%) the S values of the spherically filled supra-nano resin composites were statistically different from nanofilled, nano-hybrid and micro-hybrid (p≤0.05). Also, statistically significant differences were found among all the other types of resin composites.
Absorption coefficient
The spectral distributions of the K-M absorption coefficient (K) for selected shades of each type of resin composites are presented in Fig. 2 . As the case of the scattering coefficient, all shades were not included because they showed overlapped values, especially for long wavelengths. The spectral pattern of K decreased with wavelength, presenting smaller values (close to zero), for long wavelengths. Micro-hybrid dental resin composites showed the lowest K values for all wavelengths.
The results showed similar spectral behavior of K for all the dental resin composites studied (92.10≤VAF≤99.41%). The K values of the spherically filled supra-nano dental resin composites were Fig. 1 Spectral distribution of the Kubelka-Munk scattering coefficient (S) for supra-nano spherical filled resin composites compared whit nanofilled, nano-hybrid and micro-hybrid composites. Fig. 2 Spectral distribution of the Kubelka-Munk absorption coefficient (K ) for supra-nano spherical filled resin composites compared whit nanofilled, nano-hybrid and micro-hybrid composites. Fig. 3 Spectral distribution of K/S ratio for supranano spherical filled resin composites compared whit nanofilled, nano-hybrid and micro-hybrid composites. Fig. 4 Spectral distribution of Kubelka-Munk Transmittance (T) for supra-nano spherical filled resin composites compared whit nanofilled, nanohybrid and micro-hybrid composites.
statistically different from nano-hybrid and microhybrid composites (p≤0.05). No statistically significant differences were found between K values for spherically filled supra-nano dental resin composites and nanofilled resin composites (p=0.603). Also, statistically significant differences were found among all the other types of resin composites. Figure 3 shows the K/S ratio for selected shades of each type of resin composites. All shades were not included because they showed overlapped values, especially for long wavelengths. The values obtained for this ratio are higher for shorter wavelengths, decrease as the wavelength increases up to approximately 600 nm and remains constant for long wavelengths. According to this result, for all wavelengths higher than 440 nm, the K-M scattering presents higher values than the absorption. For wavelengths shorter than 440 nm, the absorption is predominant, especially for spherically filled supra-nano dental resin composites, indicating a strong prevalence of absorption over scattering for short wavelengths for this material when compared with all the other dental composites. for supra-nano spherical filled resin composites compared whit nanofilled, nano-hybrid and microhybrid composites. Figure 4 shows the values of transmittance (T) calculated according K-M equations. The spectral behavior of T increased with wavelength, presenting higher values for long wavelengths. The results showed similar spectral behavior of transmittance for all the dental resin composites studied (VAF≥99.69%). The T values of the spherically filled supra-nanodental resin composites were statistically different from nano-hybrid, nanofilled and micro-hybrid dental resin composite (p≤0.05). Also, statistically significant differences were found among all the other types of resin composites (p≤0.05).
K/S ratio
Kubelka-Munk transmittance (T)
Direct transmittance (T%)
The wavelength distribution of direct transmittance (T%) for all types of resin composites are shown in Fig. 5 . As the case of previous parameters, all shades were not included because they showed overlapped values. The direct transmittance values of all resin composites are dependent on the wavelength. The spectral behavior of T increased with wavelength, presenting higher values for long wavelengths. The results showed similar spectral behavior of T (%) for all the dental resin composites studied (98.10 ≤VAF≤ 99.32) The T (%) values of the spherically filled supra-nano dental resin composites were statistically different from nano-hybrid, nanofilled and micro-hybrid dental resin composite (p≤0.05). Also, statistically significant differences were found among all the other types of resin composites (p≤0.05).
DISCUSSION
The physical understanding of the optical properties of dental resin composites is mandatory for their final success in dental restorative applications. Aesthetic restoration involves a visible match of the optical properties of restorative material and natural teeth. These optical properties are determined by absorption and scattering of light emerging on the surface and inside the medium. The perceived color and translucency are intimately related with light-scattering 9, 16) . In this work, we have employed the Kubelka-Munk theory to optically characterize the commercial spherically filled supra-nano dental resin composites and compare them with commercial nanofilled, nano-hybrid and microhybrid dental resin composites.
The optical properties of dental resin composites are determined by many factors such organix matrix composition, inorganic filler, filler content, and other additives. Arikawa et al. 6) proved that shade of filler particles, as well as particle size and filler content, significantly affected the light transmittance, including light diffusion characteristics of resin composites. In this study, commercially available resin composites were used, and filler size, shape and content were different among them (Table 1) .
The light diffusion through resin composites is due to multiple refraction and reflection at the resin matrixfiller particle interface. Rayleigh scattering describes the elastic scattering of light by spherical particles which are much smaller than the wavelength of light. The supra-nano spherical filled resin composites have spherical particles with an average size of 200 nm, clearly lower than wavelengths of visible light. However, the spectral behavior of these dental resin composites (with a peak in 450 nm) is not matched with the spectral distribution according Rayleigh scattering. The behavior of the scattering of these dental resin composites could be due to refractive index mismatch between the organic matrix and the filler particles and to inorganic filler size and size distribution, as suggested by some authors 17, 18) . The null-hypothesis was partially rejected as supra-nano spherical filled resin composites in general showed significant differences in optical properties (S, K, and T) when compared to nanofilled, nano-hybrid and micro-hybrid composites, although all studied materials showed similar spectral behavior. Our results showed that the behavior of spectral scattering is similar between all the resin composites analyzed, but the values are significantly different with lowest values found for the supra-nano filled resin composites, and the highest values found for the micro-hybrids composites. The scattering coefficients of supra-nano spherical filled composites were significantly smaller than those of other filler-type composites, leading to larger T for these resin composites, especially in shorter wavelength. These lower values of scattering, and therefore higher T, could be due to the shape of the filler of the supra-nano filled resin composites, opposite to the irregular filler shape found in the rest of the studied materials and to the fact that the refractive index of the filler is close to those of matrix resin of supra-nano resin composites 19, 20) . A recent works 21, 22) showed, in general terms, that the dental resin composites (nanocomposites and hybrid) and the human enamel exhibit a similar angular scattering behavior. Due to the similarities found between the spectral behavior of the supra-nano filled resin composites and the rest of the studied materials, it could be stated that this resin composite also presents a similar angular scattering behavior with the human enamel.
The K/S ratio showed a predominance of scattering (S) for wavelengths larger than 440 nm for all materials studies. This effect is greater, especially for shorter wavelength, for supra-nano spherical filled resin composites than for other materials since they present the highest absorption coefficient (K) values and the lowest scattering coefficient values for these wavelengths. In dental resin composites, the absorption is produced by the organic matrix. Our results showed that no statistically significant differences were found between K values for spherically filled supra-nano and nanofilled dental resin composites. According to the characteristics provided by the manufactures, the organic matrix of both materials differs ( Table 1 ). The pigments used within the chemical compositions of the samples might be also responsible for this result. Nevertheless, further research is necessary to improve knowledge on absorption in supra-nano spherical resin composites.
Nanofilled, micro-hybrid, nano-hybrid and supranano spherical dental resin composites showed similar spectral behavior of absorption coefficient (VAF≥ 92.10%) and similar to the one found for human dentin in a previous work 10) . However, the values obtained for the K-M absorption coefficient are higher than the ones found for resin composites, mostly for short and medium wavelengths. Differences in values of absorption between resin composites and human dentine were expected due to the differences in composition and structure among them.
The spectral behavior of K-M transmittance of all analyzed resin composites is similar to results reported in previous studies 23) , displaying an increase of transmittance with wavelength. However, the results obtained differ especially for short wavelengths, probably due to the different methodology used (spectrophotometer and 0/8º geometry) and, most of all, due to a higher thickness of sample (2 mm) in the Hosoya et al. 23) study. The spectral distribution of direct transmittance (T % curves) obtained for all types of resin composites showed that the value for this parameter increases as the wavelength increased from 400 to 700 nm (Fig. 5) . This behavior is different from K-M transmittance, which rapidly increases up to a wavelength of 450 nm and after it presents a soft increase for medium and large wavelengths (Fig. 4) . Furthermore, the T values calculated according to the K-M theory are considerably higher than the direct measured values (20 times), suggesting that the K-M theory provides overestimated values of transmittance. This result should be taken into account when using this theory in future research.
Significant differences were found for transmittance between supra-nano spherical and other resin composites. Some previous studies have shown that factors such as filler and organic matrix, refractive index, monomer type, filler type and filler content are likely to influence the light transmittance of resin composites 24, 25) . From Fig. 4 it can be seen that supra-nano spherical and nanohybrid specimens showed a higher light transmittance. This behavior can be explained by the lower values of scattering due to the spherical shape of the filler for this material, as shown in Fig. 1 . This result could imply a greater depth of cure 26, 27) and shorter curing time for this material therefore, and it should be considered when using these dental restoratives in a clinical situation.
CONCLUSION
Within the limitations of this study, it was concluded that the values of optical properties of the supra-nano spherical filler dental resin composites evaluated are different from other commercially available esthetic restorative dental materials. Such difference should be taken into consideration to reproduce natural esthetic restorations by the dental professional to achieve optimal esthetics in restorative dentistry.
